The superheavy magnetic monopoles predicted by grand unified theories would not be produced in significant numbers if electromagnetic gauge invariance is spontaneously broken when the temperature T is greater than T, 2 1 TeV.
Grand unified theories predict the existence of superheavy magnetic monopoles. [1] [2] [3] [4] [5] [6] [7] These monopoles are of the type discovered by 't Hooft and Polyakov.6 They exist if a semi-simple group is broken down to a subgroup which contains Ul factor. This turns out to require F3> 0 so that for sufficiently high T, we may have a phase transition to a phase where SU2 xU1 is completely broken.
We have found a range of parameters such that at high temperature @q(T)> = (0 ~l(T)>~/fi, Q2(T)> = (v2(T) O)T/fi, <$3(T)> = 0 is (at least) a local minimum of Vd(T).7
These parameters satify xl cI x2 N ' " g4 , IPij( -q3 --a23 = u > 3x + U12 + 3x ll$l ' I$ , 2 2 > U12/X > -1 , A3 > CI /x .
where X = (3g2+g'2)/8 I 0.16. The condition A<<g4 allows us to neglect radiative corrections to V 4)' For a typical set of numbers, choose X*-al2 = g2 = 0.4, u 2 1.3, X3 2 4.1. We see that there is a range of parameters which satisfy the above conditions, but a rather large value for X3 is required.
The second order phase transition occurs at T, such that v2(T,) = 0. T, is given by T, = Aul/q = (246 GeV)A (8) where A is a function of the parameters in the potential and is typically of order unity, but can be made much larger or smaller by adjusting parameters.
We will assume T, 2 1 TeV. We have therefore demonstrated the existence of a phase transition in which SU2XUl is broken to UFM at T= 0 and SU2 xU1 is completely broken for T > T,. Now I would like to describe how to embed our scheme to SU5. We study the complete SU5 potential, Eqs. (4a)-(4d). The conditions that V is bounded below and have symmetry breaking Eq. (3) at T=O are
For T>MX we have to consider the heavy particle contributions to V(T).
The effective potential at high temperature, 
. Therefore, at sufficiently high T, the effective mass of @, -b +%GT2 > 0 so that VEV <a(T)> will vanish. The parameters Xi, US* and Pij have been already chosen as Eq. (7) If there is a net charge density in the present universe left over from fluctuations from e uilibrium as T > T, it is far smaller' than the observational limit 11 s14 from galaxies and cosmology.
